
 
U.S.  CONSUMER PRODUCT SAFETY COMMISSION 

4330 EAST WEST HIGHWAY 
BETHESDA,  MD  20814 

 
January 11, 2016 

 
Dr. Kevin H. Dunn, Sc. D., CIH 
Research Mechanical Engineer 
Division of Applied Research and Technology 
National Institute for Occupational Safety and Health 
1150 Tusculum Ave. 
Cincinnati OH 45226 
 
SUBJ:  CPSC staff’s comments for the UL 2201 “Standard for Portable Engine-Generator 
Assemblies” CO Task Group, Subgroup for Emissions Test Method Development, concerning 
referenced PGMA correspondence  
 
REF:  Letter dated December 17, 2015, from PGMA to Kevin Dunn, Subject: “PGMA 
Comments on “Draft Test Method for UL 2201 Task Group for Determining CO Emission Rate 
of Portable Generators”  ”  
 
Dear Dr. Dunn: 

 
This letter contains comments of the staff of the U.S. Consumer Product Safety 

Commission (“CPSC,” “Commission”) regarding the referenced document, which was 
presented by Joe Harding of the Portable Generator Manufacturers Association (“PGMA”) on 
December 18, 2015, at a meeting of Underwriters Laboratories Inc. (“UL”) UL 2201 carbon 
monoxide (“CO”) task subgroup for developing an emissions test method.a At that meeting, 
Mr. Harding requested that subgroup members submit their comments on this documentb to 
him by January 12, 2016, so that PGMA’s technical committee could review the comments at 
their meeting on January 14, 2016, and be prepared to discuss their responses to the comments 
at the next meeting of the subgroup, which is scheduled for January 22. 

 
The following are CPSC staff’s comments:   

 
1. In PGMA’s cover letter, attachment 1 page 1, PGMA states: “we are not aware of 

any evidence that reduced oxygen levels have played a role in any portable generator related 
CO incident to date.” Research conducted by the National Institute of Standards and 
Technology (“NIST”), under an interagency agreement with CPSC, involved measuring 

                                                 
a These comments are those of CPSC staff, and they have not been reviewed or approved by, and may not 
necessarily reflect the views of, the Commission.   
b PGMA’s document is a mark-up of a CPSC staff document presented to the UL task subgroup on February 18, 
2015, which is listed as reference 1.  Staff drafted that document to address subgroup members’ comments, 
concerns, and suggestions on the originally proposed test method that was developed by NIST. NIST’s test method 
is documented in reference 2. 
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oxygen levels in a 20-foot by 20-foot attached garage during tests while a portable generator 
was operated in it (see reference 3). In all four tests in which the garage bay door was fully 
closed, the measured oxygen level in the garage dropped substantially below ambient, which is 
20.9 percent oxygen. In two of those tests, the connecting door to the house was closed and the 
garage oxygen level dropped to nearly 16 percent. In the other two tests, in which the 
connecting door was opened approximately 2 inches to simulate the passage into the house of 
an extension cord connected to the generator, the garage oxygen level dropped to between 17.0 
percent and 17.5 percent. 

 
Given that the majority of fatal incidents reported to CPSC occurred when the generator 

was operated in a garage or various other enclosed spaces inside the house (see reference 4), 
where leakage rates and room volumes could likely result in similar oxygen levels as those 
achieved in NIST’s garage, it is reasonable to conclude that oxygen depletion occurred even 
though oxygen levels have not been measured during consumer generator-related CO 
incidents. Considering these data in conjunction with NIST’s single-zone shed tests that 
showed the generator’s CO emission rate rises to a peak rate as the oxygen drops to the 17.0 to 
17.5 percent oxygen range, CPSC staff recommends that throughout the document where 
PGMA proposes the emission rate to be measured when the oxygen in the intake air is in the 
18.0 to 18.5 percent range, the range should be changed to 17.0 to 17.5 percent. 

 
2. Additionally, in PGMA’s cover letter, PGMA explains that PGMA’s proposal 

provides options for emission testing the engine, both while the engine is installed in and 
electrically loaded through the generator, and while the engine is installed on and mechanically 
loaded by a dynamometer.  At the same time, however, PGMA expresses concern about the 
reproducibility of the results of this testing.  Staff cautions that PGMA’s proposal for 
configuration-dependent loadsc that would be applied to the engine when the emissions are 
measured would not give reproducible results because two configuration-dependent methods to 
determine loads to apply to the engine would yield different load points and thus, different 
emissions.   

 
The simplest, and perhaps only, way to expect the same results between the two 

configurations is to require the loads for the generator configuration to be based on maximum 
generator power, not rated generator power.  Subgroup members have discussed during 
subgroup meetings that generators commonly can be loaded above their rated power, up to the 
point where the engine is loaded to its maximum power. PGMA members, Honda and 
Techtronic Industries (“TTi”), proposed basing loads on maximum generator power in 
subgroup meetings held in August 2015 and December 2015, when each presented their 
comments on CPSC staff’s original version of the document on which PGMA provides these 
comments, and which is listed as reference 1.  TTi’s and Honda’s presentations are provided in 
attachments 2 through 5.  

 
If PGMA intends that the different test methods PGMA proposes to measure the 

emissions are to be reproducible, as was expressed by a subgroup member during the 
December 18, 2015 meeting, then it is unclear to staff how the emission rates between the two 
different configurations will equate to one another and how both configurations could be used 
to meet the same performance requirement. If the subgroup decides to consider different 

                                                 
c The load points PGMA proposes are a function of generator’s rated load for the generator configuration and a 
function of maximum engine power for the engine-dynamometer configuration. 
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performance requirements for the two different configurations, it is also unclear to staff what 
the basis will be for concluding equivalent levels of stringency for those performance 
requirements. 

 
3. As a related comment, in section 3.2.2, staff recommends changing the load 

points from those relative to the generator’s output power rating, to those relative to the 
generator’s maximum power and adding a section for a procedure to determine maximum 
generator power. Both Honda and TTi have proposed ways to determine maximum generator 
power.  In attachment 5, Honda references a draft version of ISO 8528-8, “Reciprocating 
Internal Combustion Engine Driven Alternating Current Generating Sets -- Part 8: 
Requirements and Tests for Low-Power Generating Sets.” In addition, Honda describes a 
procedure in attachment 4 for which Honda has been granted approval by the U.S. 
Environmental Protection Agency (“EPA”) to certify some of Honda’s generator engines to 
EPA emissions regulations. Per Honda, Honda can only operate some of Honda’s generator 
engines while installed in the generator, not on a dynamometer. TTi proposes in attachment 3 
specific language for a procedure to determine the generator’s maximum continuous output 
power. CPSC staff recommends that the subgroup use the information provided by TTi and 
Honda to develop a procedure to determine maximum generator power. 

 
4. Regarding PGMA’s proposal in sections 3.1.7, 3.3, and 3.6 to use an exhaust 

recirculation chamber for measuring emissions, in the original version of the document 
(reference 1), CPSC staff proposed using this chamber as a test structure to determine the 
ability of the fuel control system (“FCS”) on the generator’s engine to control Lambda as 
oxygen drops. This proposal was included to accommodate subgroup members’ 
recommendations to have a test that only the FCS supplier would need to perform that verifies 
the FCS functions independently of the oxygen level in the intake air so that generator 
manufacturers and engine manufacturers would not need to conduct emission testing in 
reduced oxygen on any generator that is equipped with a satisfactorily performing FCS.  

 
After Honda and TTi presented comments in August that reflected both manufacturers 

had tested their generators in reduced oxygen, staff suggested deleting the proposed 
requirements in then-sections 3, 4, and 5; therefore, CPSC staff concurs with PGMA about 
deleting those sections of the document, but CPSC staff emphasizes that deleting those sections 
includes deleting the exhaust recirculating chamber. Staff notes, however, that PGMA is now 
proposing to use the chamber to measure CO emission rates, which is not the use CPSC staff 
intended for the chamber. Using the chamber for that purpose reintroduces many of the 
subgroup’s concerns about costly infrastructure upgrades that would be required with the 
originally proposed chamber test method developed by NIST (reference 2), such as a means to 
safely vent the exhaust from the chamber, which is not addressed in PGMA’s proposal.  

 
In addition, a Constant Volume Sampling (“CVS”) emission measurement system cannot 

be used in this test method because all of the exhaust must be captured for an accurate reading. 
While a raw gas emission measurement system could possibly be used, Honda recommends 
against using raw gas emission measurements in attachment 2 because of the likelihood that 
generators with catalysts will show lower CO emissions when using the raw gas method 
compared to the CVS method.   

 
Lastly, PGMA’s proposal has no temperature control requirements on the exhaust 

recirculation chamber.  In numerous previous subgroup meetings, subgroup members 
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expressed concern about reproducibility and repeatability of results obtained from using a test 
method that does not control temperature while the emissions are being measured. For these 
reasons, CPSC staff recommends deleting sections 3.1.7, 3.3, and 3.6 as well as the option to 
use a raw gas emission measurement system in section 3.1.4.  

 
5. In sections 3.2, 3.4, 3.5, and 3.7, CPSC staff recommends adding steps to control 

temperature while the emissions are being measured. CPSC staff added provisions to control 
temperature in the dilution chamber described in reference 5, which CPSC staff presented to 
the subgroup in October 2015, largely because of subgroup members’ concerns about 
reproducibility and repeatability of results when there is no temperature control while the 
emissions are being measured. In these same sections, CPSC staff also recommends adding 
steps to reduce the oxygen to the 17.0 to 17.5 percent range over a minimum of two minutes 
and, as recommended by Honda in attachment 2 and by CPSC staff in reference 5, to restore 
the intake oxygen level back to ambient between loads. The latter point has been an area of 
concern among several subgroup members because the achievable load in low oxygen often 
differs from the achievable load at ambient. All load points should be established during 
normal operating conditions to promote repeatability.   

 
In addition, CPSC staff recommends adding steps to record the intake air oxygen level 

and temperature during the test; and for sections 3.4 and 3.7, in particular, CPSC staff 
recommends recording the CO concentration within the dilution chamber. CPSC staff 
recommends allowing a CO concentration up to 200 ppm in the dilution chamber during the 
test.  Higher levels may indicate a sizeable exhaust leak, which will impact accuracy of the 
calculated CO emission rate.   

 
6. Regarding the dilution tunnel referenced in sections 3.1.5, 3.2, and 3.5, staff notes 

that Honda found the dilution tunnel created a vacuum where it was connected to the intake of 
Honda’s small carbureted generator and observed that it made a non-negligible impact.  Given 
this, Honda injected nitrogen directly into the air cleaner chamber instead of using the dilution 
tunnel (see attachment 2). Staff recommends that the subgroup take Honda’s findings into 
consideration to include the dilution tunnel in the document. 

 
7. Following section 3.7.4, CPSC staff recommends inserting a step for repeating the 

test for each of the loads listed in section 3.2.2, which staff recommends should be based on 
maximum generator power, as stated in item 3 above. 

 
8. In sections 3.2.6, 3.4.6, 3.5.6, and 3.7.5, CPSC staff recommends clarifying the 

procedures to indicate that emissions must be measured for at least 2 minutes at the lowest 
oxygen level attained just before shut down occurred. 

 
Thank you for the opportunity to provide these comments. We look forward to discussing 

them with the UL 2201 CO task subgroup. 
 

Sincerely, 

             
Janet Buyer                                                             Matthew J. Brookman, P.E. 
Mechanical Engineer            Mechanical / Fire Protection Engineer 
Portable Generator Project Manager  
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Cc:  Joe Harding, PGMA Technical Director 
       Scott Heh, CPSC Acting Voluntary Standards Coordinator 
 
 
Attachments: 

(1) PGMA letter dated December 17, 2015 to Kevin Dunn, Subject: “PGMA Comments on 
“Draft Test Method for UL 2201 Task Group for Determining CO Emission Rate of 
Portable Generators,” ” presented by Mr. Joe Harding of PGMA to UL 2201 CO task 
subgroup for emissions test method, at December 18, 2015 subgroup meeting. 

(2) Honda submission, “Honda Analysis of the Dilution Tunnel Test,” to UL 2201 CO task 
subgroup for emissions test method meeting, presented by Ms. Sarah Somorai of Honda, 
at August 12, 2015 subgroup meeting. 

(3) Techtronic Industries (“TTi”) submission, “TTi Proposed Dilution Chamber Test 
Method,” to UL 2201 CO task subgroup for emissions test method development, 
presented by Mr. Michael Gardner of TTi, at December 1, 2015 subgroup meeting. 

(4) Honda submission, “Emission Test Using a Load Bank,” to UL 2201 CO task subgroup 
for emissions test method development, presented by Ms. Sarah Somorai of Honda, at 
December 1, 2015 subgroup meeting. 

(5) Honda submission, “Honda’s Method of Max Generator Power,” to UL 2201 CO task 
subgroup for emissions test method meeting, presented by Ms. Sarah Somorai of Honda, 
at December 1, 2015 subgroup meeting. 
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